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Abstract 

Per- and polyfluoroalkyl substances (PFASs) are man-made chemicals which 
have been produced and used in several industrial and consumer products for more than 
half a century. PFASs are classified as emerging contaminants due to their ubiquitous 
contamination in global environment. They are persistent, bioaccumulative and toxic. 
Animal experiments and epidemiology studies have shown potential effects of some 
PFASs to health such as birth outcomes, allergic disease, kidney function, cardiovascular 
disease, increase of thyroid hormone and cholesterol, and possibly carcinogenic to 
human etc. Environmental and health concerns have arisen since 2000 results in several 
researches on PFASs. The production and use of PFASs have been regulated in many 
countries in order to protect their people. In Thailand, few studies have been conducted 
only for detection of PFASs in environmental samples including water, house dust and 
air sample. The results confirm their contamination in the environment which possibly 
linked to exposure to PFASs in Thai population. Therefore, the study on sources and 
contamination pathways of PFASs, exposure level in human and related health risk are 
needed to conduct. Based on these results, the adverse effects of PFASs in Thailand 
can be regulated. 


Keywords : Perfluoroalkyl substances, Polyfluoroalkyl substances, Environmental contami¬ 
nation, Health risk 
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9 

aaaaavnviw'nuinjjaiapiaaavujaaa PFASs 
lu ph a a'aa ia a piu aa iJasna a avi aa a iJas; in aua 
Taa 27 _ 29 i?iu avmaunaa uauapia aiiJu laaauu 
uaaiaa apiaa TiJuaueC maiaaw aaiPiu iPiuuaaa 
Taaamda uiaia uaiAlaaalci aaaiPiaiaa aliJu au 

t/ q 

d d d d V 0/6)0/ 

auifia taivia iruaura uJupvu aaimaluphama 


unuuuas;{ 1 aaaas; auauaanuauwaaaa PFASs 


uaauuua waaiaaavnTuaawinapnuasupiauaa 

9 9 

a a a piiai u a a a w a 11 iai u 5^ s ua a a a a a u l a” 11 a'u a a a 
aia PFASs lutnamaiaapiiiaainapnamaapi 
mauaaaaaaasaaaaavrna uaaaaaaaaaaaaaa 
ana PFASs luasasfiauaaaamuaaaaauaaaa 
lilaavnaaluaaaa ^ 29 ’ 30 uaswaaaaaawaluaau 

9 

uaaaauasiiaaiAiuaaaa'aaviaaaaa PFASs lu 

0/ 1 6i 9/ on d 

asasviaaaaaawauaaaLviuuuaa aaaaawa 

9 

cnalnpiuaa PFOS uas; PFOA Imaapiuutm 

9 

uaaiuaaaaasvian 3.5-4.1 il uas; 3.0-3 .6 il 

91 


aaua°aau 28 luimis;vianaa°napiana PFOS uas; 
PFOA aaaaaaaaaaaalaalaiiluliJla'uaauaa 31 
vialuaa a l vi aa u aa ua a a a a aaa as; a u a a'lu a a a a s 

91 

luaaaaaa leum au uas;lpi aaaaawaaaauiilu 
wwuaaana PFASs aauluajiiluaaaaaualuaaa^ 
uaaaaTaai,uiAias;aaaaaa PFOA uas; PFOS wa 

d *310/ *^*^ *_s/ 0/ 0/ 0/ o' 

aaaaawaauauaaamaiAmmutaaaaauaaaviaaaa 
latui aaamiluiAWpiaau la aaaiaaajtaula anas; 

*=>4/ 0/ *31 O/ o' I 'I 9/ I d Co 1 * oc 

awauau anaauiAius aauLaua aaimaijsuaa ’ ’ 

9J 9 9 

32 aaaalaaaau aniaanlnpi'njaaana PFASs luaaa 
uaaaauas;as;naaviauaaaluuui 4 alias;uaalaaaa 

9 

*=»c»*=l IQ/qqcS^ O dl V d 

taaiAiwmiaaaaaau aaiiaanimmupianaain 
a ala an a m pi TAiwiaa an a PFASs luuuumiAiu 

9 

*^ 1 a I o 0/ 1 a'd d 

ipmpia 111 aaviauwaaasjviuaauuuauwaaaaaaua 

9 

*=i *=i *^ a'd 63 9/ to d 

vnaas;unpinvianiflnni,iaans;vimi,apia Lmviuaaaaau 
auiAusaaaas;auaaa PFASs inamiPiluanaana 
auwaaas;viua , aaaaaiAi 1 mm aaataaajiaula 
uaavnaaTuaaaa 34 aaaiaaauim 35 aaauaauaaa 

91 

luanavhanuuaalpi 36 Tapiualauas;viaapuaapi 37 

*^*=S O/VJ o' o*f 00 0/ 

Lvi^aa^mail mi 

aataaiPiaaaa 39 aauau PFOA aaapilmiluaaa 

91 

uuTaaaariaws;i > aaluuuua (aau 2B)Tpiaaaaaaa 
aaaus;muaua?fa^ (IARC ) 14 
5 . naapiatuuaaaaauaw 
aaawaaaapiaaaiAiuaaa PFOS uas; 
PFOAlutaapiaBauuna^ vialvruawi 3 M ilas;aaa 

9 

aaiaaaaawapiuas;lwaaai,via , auluil 2000 Tpia 
piaiuuaaaLaaaauuanfluil 2002 26 uaaaaauu 

9J 

uauuwwapiuaTaal^iAiaaaaimpumuaaa PFASs 

91 

aaaaaaluaau PFCAs uas; PFSAs aauaa 

9 

9/ V 9/ 

aaa^aeiuaaaaaama'aueiaaaaa PFASs aaaau 
vilaupiuviu^aaaaaaa'uauulu'lis PFASs Sa 

9 

I V I 

I d I O/ I *=v c9 d QJd 

aaamaauuua'iPiaaaaaLapiauma'iaaaaniauupi 

9 

uluwaiJ as; aa pfu aa w a pi' a aaaa via aa w uua^uas; 

1 1 9 

aauapiaau 2 luiJ 2006 US EPA lintaulaaaaaa 
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iwaniwiFiwm'swaeiiiasn'U'iJaatja'u PFOA aan 

9 

aimniFmaw 1 nasi) 2009 sm PFOS uasawmm 

<u 9 

Tja'i PFOS nnflisnn0vnwwamiasliifi'ml5r 

<u 

V 

awanjanaeianTaaV 0 wanainw nawthsmiFf 

9 <-><-> q 

a iwl m 1 vi w a ua s ata iJ rin iu eh lCju m “3 taw a da 

9 

nnviwimiasafln'unriwiatuiwaiFniJiFiwa'una'w 

<*1 99 


d ci a/ o qj tH 1 / 

PFCAs ■wuemuJusnaan 'mmiiain^vilavfiw 

V 

nTswaomaslii TiwvuFntJFiwn'iiiaaFna'mas 

9 

miflaatjaanaLUinemaw 2 ibsiviFmliavnbtJ 

91 

-niiem n l^mvni5im3Ji5)iip'uaa'aaT3 PFOA 
was PFOS GHonrvavi 2 


enrNvi 2 mu'usiliuasmiis^u'aaawfulwaa'jaiii PFOA lias PFOS 


fnuwsvh/ ni^smjviaawTuT,^ 

WlllEmil/ ibslIM 

PFOA 

PFOS 

V 1 

filLLUsfll (Guideline) minim 41 

a/ q a’d 

■sgtnuaaTff 

0.04 (Ig/L 

- 


f-sijinitfisn 

0.3 \lg/L 

0.2 (Ig/L 


US EPA 

0.4 \lg/L 

0.2 (Ig/L 


iifunen 

0.7 \lg/L 

0.3 (Ig/L 


■sgualminblatn 

2 ^lg/L 

- 


UK HPA 

10 \lg/L 

0.3 (Ig/L 

Tolerable Daily Intake (TDI) 42 ’ 43 

UK FSA 

3 Itg/kgbw/day 

0.3 Itg/kgbw/ 
day 

Reference dose (RfD) 44,45 

US EPA 

20 ng/kg/day 

20 ng/kg/day 

Slope factor 44 

US EPA 

0.07 (mg/kg/ 
day) -1 

- 


acnunTSCu rmiJmilaH PFASs 
°li4 ft* m fi a a u ills in pflu a 

aififniiviuvn'uwanTs^n'tnl'uiJiismfil'Ma'a 
wTU3Ji5i^aiAiuaiii PFASs luOTaai'aa'atn^aajj 
a°TUTU 5 navi mw 20 mlei (snruv) 3 ) ibsnati 
Win naw Perfluoroalkyl carboxylic acid (PF¬ 
CAs) a TUTU 9 ?TU5) Idlin' Perfluorobutanoic 
acid (PFBA) Perfluoropropanoic acid (PFPA) 
Pefluorohexanoic acid (PFHxA) Perfluoro- 
heptanoic acid (PFHpA) Perfluorooctanoic 
acid (PFOA) Perfluorononanoic acid (PFNA) 


Perfluorodecanoic acid (PFDA) Perfluoround- 
ecanoic acid (PFUnA) lias Perfluorododa- 
canoic acid (PFDoDA) naw Perfluoroalkyl 
sulfonic acids (PFSAs) a°TUTU 3 ?TU5) loiifi 
Perfluorobutane sulfonic acid (PFBS) 
Perfluorohexane sulfonic acid (PFHxS) uas 
Perfluorooctane sulfonic acid (PFOS) naw 
Fluorotelomer alcohols (FTOHs) ^linu 3 fit! 51 
Iflilfi 6:2 Fluorotelomer alcohol (612 FTOH) 
8:2 Fluorotelomer alcohol ( 8:2 FTOH) Lias 
10:2 Fluorotelomer alcohol ( 10:2 FTOH) naw 
















lM© an iHJUrils) nWQTflll - Binwu hz&bs) 


n 7 tri 7 ?nsi 7 Wfrv 3 Jniin&way 7 m: 


Perfluoroalkane sulfonamide (FASAs) Ttinu 
3 VIM Idlin' Perfluoro-l-octanesulfonamide 
(FOSA) N-methylperfluoro-1 -octane - 
sulfonamide (MeFOSA) lias N-ethylp- 
erfluoro-1 -octanesulfonamide (EtFOSA) 
flaw Perfluoroalkane sulfonamidoethanol 

9 

(FASEs), aaPIP 2 7 IPF 1 Imifi 2-(N-meth- 
ylperfluoro-1 -octanesulfonami do) -ethanol 
(MeFOSE) lias 2-(N-ethylperfluoro- 
l -octanesulfonamido) -ethanol (EtFOSE) 
fmflmtlawaii PFASs Ippawfman'tnwanviaF) 


d a/a/ 


iwamaufmFnnaa 4 §maF)aawap n iFialpil iai.fi. 
2552 iFiwfmFinwafrmJpiiJaplPFnaaa 4 P 3 Fiu 
(2 ehafh'O Ip^sppnaaflapfl^aiufrmpaibsila 
1 mm' ill misuu, Ip mipapYla, asimnaaiviTta 

V 

uaspawapfmiJimba (nispipfmas 8 Ftaaaa^ 

9 / 9 / I 

“3iw 32 Fhaaa4) patbsiJa (28 Fnaaa4) uaspaiaw 

9 / I 

pnaaiFi (20 Fnatii'i)lwwwwn‘ 3 ' 3 miAiwvnwFi‘ 3 46 

wafmFlfmaFmaiAmaa'inaw PFCAs uas PFSAs 

9 

5 mm WFnawiawap'iiwatbsvm'i 3.31-25.79 

91 

ng/L TFia'HPFiPFmaiAmwanviaFiFia PFOA 

9/ 9/ 

panaanp fi'isuiPfmiJaiJiJ'NFiomaiAmaibsiJa 

9 9 

lwaiwi‘3amaFiai‘3 PFASs aanaanpalia uas 

9/1 9/ 

Imi'i fi wui'iaTnFi w Fm w m wtTwa'i miwitlisil'i 

9 9 J 

Iwtlmainwwm'i^ntnnTiiJmtlawaTj PFASs 

9/ 9/ 

Ipfliaa'a 4 Paaan‘ 3 suppaiiFip°aiaaaipnaa 4 ?ja'i 

PFiwaFiaavin'nwIpiAipyifiaFinaaauasfiaFiFisip 

9 

. 9/ 1 

o 1 <7 S' Co a/ 1 o d 9/ 

aanaiuTU 2 uw iFiainuFnaaa'ipamTmisuu 


tiwaanaFi palpaaFinFisnapaPYi 2 uas 

9/ 

paaanaannsuuuaiJFi (atmas 10 Fnaaa 4 raw 
40 Fnaaa 4 ) uasFnaaa'inanFisnap (4 FnatTM) 
wam'iantniAmaa'ma'w PFCAs uas PFSAs 

9 

10 flPFiTFiawFiaFnawiawap^awatbsvm'i 661.8- 

9 J 

9 / 9 / 

1,382.8 ng/L uasiAmaa'ispppaiiFmaiaayN 
2 iivia Iw'aawa'iariaaFiaai PFASs aanaarma 


iaal(a Fiawalwt) tai. 0.2554 wfmFmaaapfmiJp 

9/ „ 9/ 9/ 

itlapaai PFASs Iptaaaaa^paaan'ispppaiiFipa 

9/ 1 

laaftwap aapip 7 uw mwwwn^miAiwvnwa'i 48 

9 9 

TFtaw4PWFuQwisuwFisnam‘3 , '3 (Activated 
Sludge) wafmFlfmaiAmaa'ma'w PFCAs uas 
PFSAs 11 tipfi Fnawiawap^awlp0iaaa4P°am 

9/ 

uaspaaanaan^spppaiiFiwFmsvria'i 9 . 4 - 18.4 
ng/L lias 12.7-63.6 ng/L FHWaaFilJ fiPFIVIIAm 

9/ 1 

rmiJpitlapwanfiaF) aa PFOS uas PFOA uas 

9 

9/ 

wam'iantna'nJiin'ssmpnTiiIiiiFiP'iiaa'isuij 

9 

FisnapmlwwflasapspamwaaiAiafiasmaF)aa‘3 
PFASs aafmnp°aiaal 0 panaanp Ip'ssvna'i 
tl 1 AI.FI. 2556-2557 Wfia‘3FmaiF)a3‘3 PFASs Ip 

9/ 9/ 

0iaaa4p™aFipu1nojtlanuw'p°aaaavian 4 aaa 

9/ 9/9/ 

(utmamiAnsaa uwpaviaap uwpauwnaa'i uas 

9/ 

uwirurNilsm) uasulnonauPFiwaFiaavin'nw 
aaviiFiawmiJrifm aawip uas'isaa'i 49 wafm 

9 9J 

9 / „ 9 / 

antnFl'naiAmfmiJmtIapaTi PFOA Ipuwpaaaa 
panaaisviri'i 1 . 4 - 16.9 ng/L aiwaa'i PFOS 
aaisvna'iFmalw'iAmaplk 53.5 ng/L aip 

9/ 

Ipenaa'aap^tbFippInonappFiwaFiaavifmw 

9 

9/ 9/ 

fi “n a vm rm fl w itl a w a^ n la u w wa aa a vi a n Tfi a aa “1 

91 

PFOA uas PFOS WFiaaa'‘3SPaa4 11 . 7 - 118.7 

91 

ng/L lias 22.8-434.5 ng/L Fiawa°3FUI uas 

9/ 

Lptl iai.fi. 2558 anwanaiilpitlapaai PFASs 
IpFTaaa'aap’aiJ^siJalpwpp nviw. iFiaFmaiAm 
aaina'w PFCAs uas PFSAs aapip 6 bpfi 50 

9 

aaawiawTj'p'nwwFia'ispa'a'i 0 . 58 - 1.15 ng/L 

9/ 

wafmanpapiAmaanisuipna'sflipfl'MFiiufiaiAi 

9/1 99 

p°aibsiJapiltJ Imifi fmarNFisnap na'mw 

Fisnap na'mia'iiiasna'isj'aiaaFraaaaalplw' 

aawa‘ 3 ariaaFiaa , 3 PFASs aanaanpMulFl Ip 
anispn'isuapnaiiJamJi'ianmaiAipaapa'i Muri 

9 9 9J 

nainia^maaaptawwp^ (GAC) uaslmaaaa 
Twaa (RO) aawaiariaaFi PFASs iFubswam 




m 
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faaas 86 panaanwam'ifinwilpi'HnfiaaiJ 

V _ V 

iliuai ijfnTiaa PFASs mehaa'i'adpvmm 

9/ 9 

wtnijanntJTUt^a‘uT,‘U'wi4^n‘3'3iviiAi}JViTUfi‘3uas 

q 

pfnffls'nurm 20 TfiaemavmcmnaiJ PFCAs, 
PFSAs, FASAs was FASEs a°TUTU 8 flCifi 
£i fmm?ui mm ij “3 svn'~N 54 - 1,310 ng/g 

__ • 9 / 

leia'HueifiiAmfmiJmilaiicHaeifia EtFOSA 

<u q 

v 

waslml vi.fi.2557 51 ^nvnrmiJmiJa‘Ucn‘3 PFASs 
lufi'iaa'i^aifnfflmj'iiaimfiriiliJ (anniff 
aiauananfn‘3) aiimi 8 uw Mxri Lminivmfi 


nu'aul'un^ivvmvmjfi'iuasillijnina mncu 

q q 

v v 

■ssinj'UTiifnlitaa^jJua'a'Ufiwafitnvin^w nuw 

q 

gnam4aifnpifnfj‘l , uaifnii ! aTUTU 6 uvn loiuri 
chilrm'u UTUvinaiffa nauUimCmw rrufha 
ian?m liTuinaivla^maa^ uasna^ilgijfim‘3 
wamn^nmfln^wujmnajj FTOHs was PFCAs 

q 

a°TUTU 10 Tiufi FTOHs wm 

V I 

wuui 1,690- 13,030 pg/m 3 meMfmfhfmjj 
imimmajTia'j PFCAs YmmiisviTN 4-10 pg/m 3 
Teimniemvmm'jiJmiJa'ua'aae) a a 10:2 FTOH 


enrNvi 3 fmiJmiJa'uaTS PFASs Ipfruneiaawlpitasmfilvia 






■zmemmijutfu (rnraaa) 



mmsm 

PFASs 

“lilfm/ 

iJ'sstJt 

uasohfm: 

ng/L 

“ihihsnh: 

ng/L 

4 “ohm/ 

aan'ssuu 

ihijVnh 

iwrap™: 

ng/L 

"ihlinsuu 

ihusmuHa 

a^Envifrs'SJj: 

ng/L 

ng/L ng/g 

51 aimfi 

rnliJ: 

pg/m 3 

51 aim flip 

awn: 

pg/m 3 

PFBA 

- 

0.13-0.50 

- 

- 

- 

- 

- 

PFPA 

0.28-2.88 

0.13-0.24 

1.4-2.4/ 

1.3-5.7 

1.1-32.4 

- 

0.56-1.73 

(1.01) 

0.65-2.03 

(1.19) 

PFHxA 

ND-0.43 

ND-0.12 

0.6-1.5/ 

1.3-5.7 

0.1-84.9 

- 

1.14-26.73 

(6.14) 

0.74-14.86 

(4.89) 

PFHpA 

ND-1.65 

ND 

0.4-1.8/ 

2.5-5.1 

0.8-46.8 

- 

0.69-10.44 

(2.47) 

0.54-3.24 

(1.77) 

PFOA 

1.43-16.54 

0.15-0.31 

1.5-5.4/ 

0.8-6.8 

6.6-149.8 

1.4-118.7 <0.98-290 

(45) 

2.74-58.97 

(13.15) 

1.13-31.08 

(10.76) 

PFNA 

<0.02 

ND 

0.4-0.9/ 

2.2-7.4 

15.3-353.2 

- 

<0.06-22.92 

(5.04) 

0.19-4.46 

(2.15) 

PFDA 

<0.04 

ND 

0.2-0.8/ 

0.8-5.3 

1.2-118.8 

- 

0.69-9.04 

(3.64) 

0.28-1.25 

(0.77) 

PFUnDA 

<0.22 

ND-0.16 

<0.28/ 

<0.28-4.7 

3.1-338.2 

- 

0.48-11.74 

(2.96) 

<0.39-1.11 

(0.75) 

PFDoDA 

<0.22 

- 

<0.28/ 

<0.28-4.2 

<0.07-48.4 

- 

<0.39 

<0.39 

PFBS 

<0.03 

ND 

0.6-1.4/ 

_ 

_ 

_ 

_ 


0.4-8.5 

















irsffTSfn'Brsmtrnnjvnimiiu'U'sm: 


iJfi (son 0172 / 9 ?b mfiQifw - sunmj bogh® 


enrNvi 3 frmJmila'Ucm PFASs In^uifiaanlnibsmfflvia ( 01 a) 






tb'afmtimtmi (fnraati) 




mi <9 cm 

46 tilfi'U/ 


48< mm/ 

aarnsuti 

"thltnis/uu 


51 aimfi 

51 ainifilu 

PFASs 

ibsih 

uasirmw: 

ng/L 

“lhihsih: 

ng/L 

ihwnh 

idEjajjau: 

ng/L 

uiuVithidEJ “thmliu: 
a^Envifi^w: ng/L 

ng/L 

ng/g 

rhliJ: 

pg/m 3 

an fm: 

pg/m 3 

PFHxS 

- 

ND 

0.5-2.2/ 

0.1-6.5 

8.7-50.4 

3.0-84 

(25) 

- 

- 

PFOS 

0.22-6.28 

ND-0.12 

2.7-5.6/ 

2.6-9.3 

190.1-672.9 ND-434.5 

3.0-130 

(32) 

- 

- 

612 

FTOH 

- 

- 

- 

- 

- 

110-660 

(360) 

340-4,520 

(1,540) 

8:2 

FTOH 

- 

- 

- 

- 

- 

280-5,780 

(1,490) 

520-3,970 

(1,980) 

10:2 

FTOH 






510-5,460 

(2,120) 

1,040- 

8,860 

(4,050) 

FOSA 

- 

- 

- 

- 

<0.02-41 

(13) 

- 

- 

Me- 

FOSA 

- 

- 

- 

- 

<0.1-13 

(1.6) 

- 

- 

EtFOSA 

- 

- 

- 

- 

<0.07-940 

(140) 

- 

- 

Me- 

FOSE 

- 

- 

- 

- 

<0.22-140 

(14) 

- 

- 

EtFOSE 

- 

- 

- 

- 

<0.12-350 

(59) 

- 

- 

SPFASs 

3.31-25.79 

0.58-1.15 

9.4-18.4/ 

12.7-63.6 

661.8- 

1,382.8 

54-1,310 

(330) 

I, 740- 

II, 960 

(4,010) 

2,530- 

13,040 

(7,590) 


■MJJiEimgj: - vmEitk ItilflVi'n’ini.flyis'M, ND vunan-j smaltmu (Not detectable) 


un aiiJ iierfa tern atmii 

s , 

Imbs m Pifi w raj in uaiTra a iQi/nsAu vnil 
aliiJuasaujImm'ua jjwannrantrmfjnmifm 

9 ^ 

iJmilaucn‘3 PFASs Tui'Jtnraaan uaswamsmj 


mnraijnnrifmiricm PFASs lilUibsTaan 
fin w ra “as vmn ch an pi ^ a ua s fin w tarn ra a Mirm 

9 

V 

M^ibsinmjnnm'nnawwaanna'jjCi ckwam 

9 

nnnraiuiannnwaraua/lflnnem PFASs In 
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vicrmibsmff aamawamaananmnaaaaanaaaa 
PFASs laibsivi5ilvia mwaafmpiaaaaaafmila 
iilaala5iaaaaaaaua5iaaa Iduri a°a ^Javiawa was 

4 

__ I 9/ 

aimfi (rrmn l) 

9/ I 

mniaiJaiiJaaaaii PFASs lavmdanamviPiaaa 

9 

aaa ffoaaamlmfisirnaasavjaaa PFASs laaa 
ua5iaavraa^ibsm5ilaasasaaavnnilyi5iaifim , 3 
5iau5iviwviaariaia5i uasrialmn5ipmataaapia 

9 

Pialaaaanm-mjaviwaaaa PFASs maphnam 
a'HLapiaavjvivifmilaiilaa wpiflaauaaVhjvma 

9 

c9 qj cs d d d d a/ 

maanaaaaaaamwanasvmmnpiaa n aaa Lila da 
ilauvipialviapiaamlmj fnaantnaaaaia PFASs 
laibsmpilaamvjaaaanpi Iviaaasiilafmanin 

9J 

9/ 

waaamiapiadlaaaaaa^mawapwiasmaldma 
laapiaavinaavjuaslawapidaiwivlaaa PFASs 

9 

d 1 c9 d 

LCJvjgfQV4iJ < 5s;nau aavilkfniiPiyaaaaurmiJaiiJaa 

9/ 

mnuviadmiapiaamylPiaiaiAnsadflsiiasain 

9/ I 

Ol eg 0 6} Ucx d d S) 9/ 0 O/ /=>Y 

aaamnaaaavm^ai UiPiavivifm IffirmauualfiPi 

9 

iia^ibsimaviaa'uaiaculpiaaau maanmnaa 

9J 

9/ I I V I 

iJaiuaalaikwapiaavmmnpiviaaan'fcnia'ms 

lana^miAivivnapiauasapiviapiaavmaavjua'auvi'a 

9 9 


mlampidaaafiaiAiaaalaaspiiaiJasiYiPi was 

9J 

Ivjpiaaupiavidanaa'ja^wapia'avmasaVl'iJafiaa 

9 9J 

9/ 

iJasiviamaduavmalPima'msmaiJaiilaaaaa 
PFASs ladaaaaaaavnafmaiilaLaaviaanaaaa 
awwaaaaiaaj aanaana aalvivinaapfninmaiJa 
iiJaaaaa PFASs ladaafh'JYmfbfm/v iaa la 
daaaaaiaa 5 iTpiaiavrc?jaailas?nmilawayifipiaaa 
vmnaaiJaiiJaaaaa PFASs lamwapiaaa Lila da 
waaamaaninaaa PFASs laibsmpflviaasvida 
a°an 5 i'mlaaaaaaau 5 iaana mlaaaalanaapiaaa 

9 

atPiaasa was'auibsvnailafnapiaiaanaa wpidaa 

9/ I 

dawaisaapiaaa'mnaapindaaaaaaaalaaawapiaaa 
fnaasavilaiaaiaamvilnpi waspiaa mil avia 
'uaaaia PFASs aalanaaanaaaaaaianawala 

9 

I 'I QJ d o dt I d 6] 9 Sd 

iJasmpimaaaaaaawaaiilaaaaawan ma Ivivma 


■HaviapiaavianvnnviaianaaaaaaaanaaaafVHa 

9i 9J 9 

maapiviaanginmapm n aaaaaaauaanaawapi 
wasldaaa PFASs aaaaaaaaa wasilaa daw anas 
aaaaaaasin5iaalaaaaa5iiwalviaawaaaaain5i 
aaaananwcusaaaaiilaaapiaaaaaaaaa PFASs 
iviaaa Ivilmilanamnpiaannaaasiaa 



navia l naaanaamaiJaiiiaaaaaaaa PFASs laa'3tn5iaaaaa'3iJasmalaa (iJauaan Ahren, 2011 3 ) 
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